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??????????? 2.1 ???????????G = (N;E) ????????????
N = fn1; n2; :::; nmg????????????????????????????????????
?????? Deadline : N ! Time?????????????????????????????
??????????????????????????? Height : N ! R??????????
Position : N ! R2 ????
??? E = fe1; e2; :::; ekg ?????????????????????????? Length :
Edge! R+ ????
?????????????????????????????????????????????
???? G = (N;E)???Deadline?Height?Length??????? nstart ?????? tstart ?
?????????????????????????????????????????? k ??
?Woutput = [nstart; ni1; ni2; :::; nk 1; nk] ??????????????????????????









0? (FirstV isitT ime(ni;W )  Deadline(ni))
FirstV isitT ime(ni;W ) Deadline(ni) (otherwise)
(2.1)






FlightT ime(W )???????? Ec(W )???????????
Ec(W ) = FlightT ime(W ) (2.3)
? 2? ???? 6
? 2.1 ??????????????????
???????????? G = (N;E)??? Deadline?Position?Height?Length?????
t ?? nstart??????? tstart ??????????????V ????????????
????? Eu ?????????????? Ec ??????????? k ??? Woutput =






??????????????????????? (Vehicle Routing Problem?VRP)[1]????
????????????Vehicle Routing Problem with Time Windows?VRPTW???????
?????? Vehicle Routing Problem with Soft Time Windows????VRPSTW???????




????????????? VRPTW?????????????????????? NP ????








































































3. ????????????????????????????????? W ???????
????????? nc??????? ntarget ??????????????????????






fDeadline(ni)  FirstT ime(ni;W )g (4.1)
??? Q(W )???????????????????
4. ???????????????
??????????? nc ?????????????? n1?n2?n3 ???????????
W 1c?W 2c ????? nc ?? n1?n2 ??????????ShortestT ime(nc; ntarget)??? nc?
ntarget ???????????????????????????????????????????
???? ShortestT ime(nc; n1) ? ShortestT ime(nc; n2) ???????????????? 4.3 ?
??????????n1 ?????????????????????????????????n1
???????????????
???????????????????????????ShortestT ime(nc; n1) =
ShortestT ime(nc; n2) ?????????W 1c?W 2c ??????Q(W 1c ) ? Q(W 2c ) ?
?????????????????????? Q??????????????????????
????????????????????????????????????









??????????? nc ???????? ns ?????? g(nc)??????????? h(nc)?
???????????? f(nc)????




????????????????? h(nc) ??????????????? h(nc) ??????
????????????????? f(nc)??????????????







??????????????????? h(nc)? cgroup ????????????
?? A*??????????????????????????? nc ???????? ns ???
??? g(nc)??????????? h(nc)????????????? f(nc)????




????????????????? h(nc) ??????????????? h(nc) ??????
????????????????? f(nc)??????????????





h(nc) = ttarget + tcovering (4.6)














??????? G??????????W ?????????? n0 ?????? N 0  N ????
?????W ?????????????????????? E0  E ?????????????
? G0 = (N 0; E0)??????????????????????? G0 ?? l ??????????






?????????????????????? U  N ????1-??????????? C
??????????????????????? 1???????????????????






?????? Kl ????? Nk ??????????????? total distance??????






????????????? G0 ?????????????????? (G0)???????
????????????????? G0 ????? (G0)????????????????
????????????????
???????????????????????????????????????? n distance
? 4? ???? 14
Algorithm 1 Ecient Route Search Algorithm
Input: vs; G
Output: W
1: vc  vs
2: U  G:node
3: R 
4: while U 6= empty do
5: target U:priority:max
6: path Mod A star(vc; target; R)
7: R R+ path
8: Move(R)
9: vc  target









???????????? vs ???????? G?????1?2???????????????
vc ? vs ??????????? U ? G:node??????5?????target??????????
???????6??????????? vc ?? target ???????? A*??????????
??????? path????7????R ? path??????8?9??????????????









??? 3km2 ??????????????????? 5.1????????????????????
? 5.1 ???????? ? 172:05m ? 68:80m ?????????????????????
? 3km2 ???????????????16  16 ??????????????????????
???????????????? 100 ??????????????????????????
??????????????????????? min flight time ??????????????













?????????????????????????? 48? 61?96?100? 4?????????
??????? Eu(Wsimple)?????? Eu(Wproposal)??????????
??????????Wproposal???Wsimple ?? Ec(Wproposal)?Ec(Wsimple) ???????
???????????????????????????? Ec(W )????????? 5.1????
? 5.2?????????????????????????????????????Ec(Wproposal)
???????????????????????????????????????????







? 5.1 ???????? Eu(Wproposal)? Eu(Wsimple)???
????Ec(W )???????????????? Eu(W )? Ec(W )?????????????




????????????????????????????? Eu(W ) ? Ec(W ) ??????
?????? 5.2 ????? 5.2 ??????????????????? Ec(W ) ??????
29:4275351%?Ec(W )?????? 36:52036839%???????????
?????????????????? Eu(W )?Ec(W )???????????????????
??? 5.5????? 5.1?? 5.2?? 5.5??????????????? Eu(W )?Ec(W )????
??????????????????????????????????????????????
? 5? ???????? 17
? 5.2 ???????? Ec(Wproposal)? Ec(Wsimple)???
? 5.2 ???????? Eu(W )? Ec(W )???????????
???? ????
Eu(W )??? 31928:77 22532:92
Eu(W )????? 22960:94046 15980:40222
Ec(W )??? 4820:213159 3059:853556
Ec(W )????? 393:215807 246:8548394
???????????????????????????
? 5? ???????? 18
? 5.3 Eu(W )????????
? 5? ???????? 19
? 5.4 Ec(W )????????
? 5? ???????? 20
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